Conclusions: eating alone may be a risk factor for depression. Among men, the effect of eating alone on depression may be reinforced by living alone, but appears to be broadly comparable in women living alone and women living with others.
Introduction
In addition to increased physical health risks, ageing is a risk factor for depression because of the loss of social contact resulting from retirement, the independence of children and limited mobility. Depression may lead to a deterioration in physical and cognitive functioning and increase the risk of premature death (e.g. by suicide) [1, 2] .
Theoretically, eating alone may cause depression in two ways: through reduced social interactions or through insufficient nutrition. Some studies have suggested that eating with others affords the opportunity to socialise. For example, Vesnaver and Keller [3] indicated that eating with others affords older adults a sense of belonging to the community, social support and increased enjoyment of food. Vailas et al. [4] found that food enjoyment is important for older adults' quality of life. These findings suggest that for older adults who are retired or bereaved, mealtimes may offer important communication opportunities. Eating alone may deprive people of social interactions and enjoyment, which is detrimental to mental health.
Preparing meals for oneself may lead to insufficient meal variety because of the lack of a regular stock of ingredients and less motivation to make 'good' everyday meals. For instance, one study suggested that divorced or bereaved adults had a decreased vegetable intake compared with those who stayed married [5, 6] . There is evidence that older adults who eat alone have increased risks of nutritional deficits, poor weight control [7] [8] [9] and death [10, 11] .
Cohabitation status--especially living alone--is another factor that potentially affects mental illness in older adults. In Japan in 1980, 4.3% of men and 11.2% of women lived alone, increasing to 11.1% of men and 20.3% of women by 2010 [12] . A recent Japanese study has suggested that living alone is associated with depression [13, 14] . The research suggests that although eating alone may increase the risk of psychological illness in older Japanese adults, these risks may be modified by cohabitation status. Although men and women have different social and domestic roles, to our knowledge, no studies have examined whether gender differences influence the association between eating alone and psychological illness. Therefore, we used data from a large-scale, population-based, longitudinal study to examine the effect of eating alone on depression among older Japanese women and men by cohabitation status.
Methods

Study design and subjects
We used longitudinal data from the Japan Gerontological Evaluation Study ( JAGES) performed in 2010 and 2013. In 2010, self-reported questionnaires were mailed to communitydwelling individuals aged ≥65 who were physically and cognitively independent (i.e. they were not eligible to receive any benefits from public long-term care insurance). The survey covered 24 municipalities in 9 of the 47 prefectures in Japan. It was conducted using a random sampling method in 14 large municipalities and administered to all eligible residents in 10 small municipalities. The baseline sample in 2010 comprised 77,714 subjects. Approximately 80% of the subjects (n = 62,438) who completed the baseline questionnaire in 2010 completed follow-up self-reported questionnaires in 2013. The mean follow-up period was 2.6 years. We used data from 37,193 subjects (17,612 men and 19,581 women), excluding the following: those who reported limitations in activities of daily living, defined as being unable to walk, bathe or use the toilet without assistance in 2010 or 2013 (n = 2,509), as they may have been eating alone because of functional limitations; subjects whose data on eating status or cohabitation status were missing (n = 5,649); subjects whose cohabitation status changed between 2010 and 2013 (n = 2,109), as we wanted to evaluate the association between a certain period of cohabitation and eating status and the subsequent onset of depression; and subjects who reported symptoms of depression (defined as a score of ≥5 on the Geriatric Depression Scale, GDS) in the baseline survey (n = 11,567, Supplementary data, Appendix S1 and S2, available in Age and Ageing online). The JAGES protocol was approved by the Ethics Committee on Research of Human Subjects at Nihon Fukushi University (No. 10-05). Use of the data for this study was approved by the Ethics Committee of The University of Tokyo Faculty of Medicine (No. 10555).
Depressive symptoms
Depressive symptoms were measured in both the baseline survey in 2010 and the follow-up survey in 2013, and were assessed with the Japanese short version of the GDS (the GDS-15) [15] using a simple yes/no format suitable for self-administration [16] . Following previous research [17, 18] , subjects were classified into two groups: nondepressed (GDS <5) and depressed (GDS ≥5). To identify those with newly developed depression during the followup period, respondents who scored ≥5 at baseline were excluded.
Eating and living status
Eating status was assessed using the question 'Who do you usually have meals with?' for which the responses were 'no one', 'spouse', 'children', 'grandchildren', 'friends' or 'other' [9] . Multiple responses were allowed. Eating status was classified as 'eat with others' (for the latter five responses) or 'eat alone' (for a response of 'no one'). Responses of 'no one' together with another response were classified as 'eat with others.' Respondents were also asked whether they lived alone or with someone else to determine their cohabitation status.
Covariates
In Model 1, we adjusted for age, education and equivalised household income as potential confounders. In Model 2, we added nutrition and physical health status as potential mediating factors linking eating status and mental health. In Model 3, we further adjusted for another potential mediator: social connectedness. Variables representing physical health and nutritional status included the history of disease(s)/symptom(s) (yes or no), higher level functional capacity limitations, body mass index (BMI) and the frequency of vegetable/fruit intake. Higher level functional capacity was assessed using the Tokyo Metropolitan Institute of Gerontology Index of Competence, which comprises 13 items. Responses on this scale were categorised as either fully capable (score = 13) or less capable (score ≤12) [19] . BMI was categorised as underweight (<18.5 kg/m [9] . Five questions about social support, social participation, frequency of meet friends [20] , employment status (working, retired or never worked) and marital status (married, bereaved, divorced or other) were used to measure social connectedness. Social support was assessed using the question 'Do you have someone who listens to your concerns and complaints?' Responses were classified into four categories: 'both relative and friend/neighbor', 'only relative', 'only friend/neighbor' or 'no one'. Social participation was assessed by asking the respondents if they belonged to one or more of the following groups: volunteer group, sports group or club, leisure activity group, senior citizen club, neighborhood association or residents' association, study or cultural group, nursing care prevention or health-building, teaching skills or passing on experiences to others, local events, protection for older people, assistance for older adults, child-rearing support, local environment improvement and others. Social participation was classified as 'yes' for participation in one or more of these groups. Frequency of meet friends was classified into three categories (once or more/week, once or twice/ month or rarely).
Statistical analysis
We used a gender-stratified analysis, because our preliminary analysis revealed different associations between eating and cohabitation status and depression, and different confounding patterns, for men and women. Subjects who developed depression during the follow-up period were not uncommon-over 10% of the cohort-so the odds ratio derived from the logistic regression was unable to approximate the prevalence ratio [21] . Therefore, Poisson regression analysis was used to calculate the adjusted rate ratio (ARR) and its 95% confidence intervals (CIs) for depression by eating status. All analyses were conducted using Statistical Analysis Systems software version 9.4 (SAS Institute Inc., Cary, NC, USA). 
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Results
Among the subjects, 3.3% of men and 5.7% of women who lived with others, and 84.7% of men and 79.3% of women who lived alone, ate alone (Table 1) . Among those who lived with others, 11.5% of men and 11.3% of women who did not report depression in 2010 newly reported depression in 2013. Among those who lived alone, 18.5% of men and 13.9% of women who did not report depression in 2010 newly reported depression in 2013 ( Table 1) .
The interaction between eating status and cohabitation status was significant for men (Supplementary data, Appendix S3, available in Age and Ageing online), indicating that depression was exacerbated only for men who reported both eating alone and living alone (ARR 2.54, 95% CI 1.25-5.18, P = 0.01). This interaction was not significant among women (ARR 1.02, 95% CI 0.74-1.39, P = 0.93).
The effects of eating alone on depression by cohabitation status are shown in Table 2 (for men) and Table 3 (for women). After adjusting for age, socioeconomic status, and physical health and nutritional status (Model 2), the ARR for depression onset for men who ate alone compared with men who ate with others was 1.08 (95% CI: 0.85-1.36) for men living with others and 2.64 (95% CI: 1.34-5.20) for men living alone. In contrast, the ARR for depression for women who ate alone compared with women who ate with others was 1.30 (95% CI: 1.10-1.54) for women living with others and 1.35 (95% CI: 1.03-1.76) for women living alone. To determine whether sharing meals was acting as a proxy for social connectedness, Model 3 examined the effect of eating alone on depression, controlling for social connectedness. For men and women, the ARR for depression was attenuated but remained significant.
Discussion
To the best of our knowledge, this is the first study to examine the effect of eating alone on depression by cohabitation status among older adults. We found strong evidence that the combined effect of eating alone and living alone on depression is more prominent in men. This relationship was slightly attenuated-but still remained-even after controlling for social connectedness. Conversely, women who ate alone were depressed even if they lived with others. We suggest that this may reflect either family discord or different lifestyles among family members. More than half of the subjects who reported eating alone despite living with others lived with children [9] . Some children may not be able to find the time to eat with the family. Programs to prevent depression may be important for older adults who live with others as well as for those who live alone.
Our findings on the association between eating alone and the development of depression are consistent with other studies on children and adolescents [22] [23] [24] . The significant relationship between eating alone and depression was independent of social connectedness. This suggests that eating together may be a specific type of social activity that has [3] . Attitudes towards food and meals vary greatly across cultures. For example, in the USA, eating is likely to be considered health-oriented, whereas in France it is associated more with relaxation and pleasure; in Japan, attitudes to eating lie somewhere between these two perspectives [25] . One study reported that, of the 17 Organisation for Economic Co-operation and Development (OECD) countries, the French spend the longest and the Japanese the third longest amount of time eating (France: 135 min/day, Japan: 117 min/day) [26] . Japanese people spend nearly 1.6 times more time eating than people in the USA (US: 74 min/day), suggesting that Japanese people value mealtimes and regard food highly. Although there is little information about the general attitudes of Japanese people towards food and meals, eating alone is generally considered pitiable. Eating alone may therefore particularly affect mental health status in Japanese people. Living alone exacerbates the effect of eating alone on depression risk among men, but not among women. This may not be solely related to the marriage bond; differences in domestic roles between men and women may also be important, as the effect of eating alone persisted after controlling for marital status (Tables 2 and 3 ). Because of the traditional gender roles in Japan, preparing meals may be a stressful task for men who are bereaved or live alone. Changes to the traditional perspectives on Japanese gender roles may mean that fewer men in younger cohorts feel stressed about preparing meals themselves. In the JAGES data, the percentages reporting 'yes' to the question 'Can you prepare meals by yourself ?' was, for men, 77% in 2006 and 80% in 2013; for women, it was 96% in 2006 and 97% in 2013. This potential cohortspecific impact of living alone on depression warrants further study. According to a study in the USA, household management is a major cause of depression among men who have lost their spouses [27] . Another possible reason for the gender difference may be the effects of changes in employment status. In Japan, most workers are men. Retired men may be more likely than retired women to eat alone, because they have lost the opportunities to meet colleagues and other business partners. Further study of the relationship between employment status and eating status is warranted.
Several limitations of this study should be mentioned. First, we measured eating alone using a single-item question; therefore, we have no information about the frequency of eating alone. However, the prevalence of eating alone by cohabitation status in our study was comparable with that reported by Kimura et al. [28] , who used a different question. Second, we did not account for changes in living status during the follow-up period, household composition, the situation in which meals are eaten alone (e.g. breakfast or dinner), and eating location; however, it is not easy to confirm the possible extent and direction of the resulting bias. For example, there may have been a failure to detect a reverse causation; that is, if a depressed person began living or eating with others, the association between eating and/or living alone and subsequent development of depression may be underestimated. Moreover, the effects of eating alone during breakfast, lunch and dinner may vary. For example, dinner may be more important for family socializing than breakfast [29] . Information on eating situation and location is particularly important to develop effective programs for preventing depression; thus, these factors warrant further research. Third, as information was missing on factors such as personality traits, appetite and the presence of family members requiring nursing care, confounding factors may not have been fully taken into account. Nonetheless, we were able to control for the potential confounding effects of social relationships. Given the number of potentially confounding factors that we could not account for, our results should be interpreted with some caution. Fourth, we lacked data on antidepressant drug use, which may have biased the association between eating status and depression; for example, subjects who eat with others may be more likely to be recognised as depressed and receive treatment. However, this bias may have been negligible, because very few subjects (<1%) reported treatment for depression (Supplementary data, Appendix S4, available in Age and Ageing online). Fifth, most covariates included as measures of social connectedness were assessed using a very simple, single-item scale that has not been validated, although associations between these covariates and health outcomes have been reported [20] . Finally, the generalisability of the results may be weak, because the present analyses used data from subjects who responded to both the baseline and the follow-up survey. The subjects used in the present study were younger, had higher socioeconomic status and had better social relationships than those in the baseline sample (Supplementary data, Appendix S2, available in Age and Ageing online). This suggests that our sample lacked subjects who were vulnerable to depression, which may have led us to underestimate the effect of eating status on depression. Our study has important public health implications. Providing opportunities to eat with others may be effective in maintaining the mental health of older adults. For example, shared meal services at community centres, which allow people to eat with local residents rather than rely on home-delivered meals, may be beneficial for older adults. Future studies should address the mechanisms underlying the effect of gender on eating habits and the protective capacity of shared meals for older adults.
Key points
• Eating alone is a risk factor for depression in older men and women.
• The effect of eating alone on depression remained even after controlling for social connectedness.
• The combined effect of eating alone and living alone on depression is more prominent in men.
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